Approximately 1.5 million people in the US develop diabetes each year, and are at risk of diabetic complications. Virtually all of these people had normal glucose metabolism at birth, and the vast majority (~95%) with type 2 diabetes experienced gradual progression towards the diabetic state over the ensuing decades of life. The term 'pre-diabetes' refers to impaired glucose tolerance (IGT) and impaired fasting glucose (IFG) 2 The risk factors identified for pre-diabetes overlap considerably with those for type 2 diabetes and include obesity, family history of diabetes, low high-density lipoprotein (HDL) cholesterol, high triglycerides, high blood pressure, history of gestational diabetes and ethnicity. The presence of these risk factors can be used to direct community screening efforts to identify persons with pre-diabetes, as recommended by the American Diabetes Association (ADA) (see Table 1 ).
years of age or over and 35.4% of adults 60 years of age or over had IFG. 2 Applying this percentage to the entire US population in 2007, the CDC has estimated that there are approximately 57 million American adults 20 years of age or older with IFG, which means that at least 57 million American adults have pre-diabetes. 2 The risk factors identified for pre-diabetes overlap considerably with those for type 2 diabetes and include obesity, family history of diabetes, low high-density lipoprotein (HDL) cholesterol, high triglycerides, high blood pressure, history of gestational diabetes and ethnicity. The presence of these risk factors can be used to direct community screening efforts to identify persons with pre-diabetes, as recommended by the American Diabetes Association (ADA) (see Table 1 ).
Predictors of Progression to Type 2 Diabetes
The rate of progression from pre-diabetes to type 2 diabetes has been shown consistently to average ~10% annually in several prospective studies. [3] [4] [5] [6] The collective data indicate that subjects with pre-diabetes assigned to placebo treatment rarely recover spontaneously from the prediabetic state. Thus, preventative interventions become a compelling public health priority. However, the optimal targeting of such interventions requires accurate knowledge of the triggers and predictors of progression from pre-diabetes to diabetes. Weight gain, insulin resistance and impaired insulin secretion predicted progression from pre-diabetes to diabetes in Pima Indians, 7 and may also be universal predictors in other populations. Weight gain predicted progression from NGT to IGT (5.2kg versus 2.6kg in nonprogressors); progression from IGT to diabetes was associated with a further increase in weight (13kg versus 6kg in non-progressors over a five-year follow-up period). However, the greater rate of weight gain in the progressors did not occur in isolation, but was accompanied by ~30% worsening of insulin resistance and >50% decline in acute insulin secretory response to intravenous glucose. 7 Weight gain was identified as a predictor of incident diabetes in African-Americans in the Atherosclerosis Risk in the Community (ARIC) study. 8 An analysis of six prospective studies 9 on progression from IGT to diabetes revealed the following features: baseline FPG and the two-hour oral glucose tolerance test (OGTT) value were positively associated with diabetes risk; the rate of progression from IGT to type 2 diabetes was exponential among subjects in the top quartile of baseline FPG, but increased linearly with increasing two-hour OGTT glucose levels; incident diabetes occurred at higher rates in Hispanic, MexicanAmerican, Pima and Nauruan populations than among Caucasians; the degree of obesity, as measured by body mass index (BMI), predicted diabetes risk in the three studies with the lowest incidence rates of diabetes, but not in the studies that recorded the highest incidence of diabetes; and family history of diabetes did not predict the risk of progression from IGT to diabetes. The lack of correlation between a family history of diabetes and progression from IGT to diabetes suggests that familial/genetic factors may have exerted their maximal effects by the stage of IGT. With regard to racial/ethnic influences, data from the Diabetes Prevention Program (DPP) indicated that once pre-diabetes (IGT) has developed, the annual rate of progression to diabetes was similar (~10%) among African-Americans, Asian-Americans, Caucasians, Hispanics and Native Americans. 3 
Pre-diabetes and Cardiovascular Risk
Epidemiological studies, including the Paris Prospective Study 10 and EPICNorfolk, 11 have shown that levels of glycaemia in the pre-diabetes range confer an increased risk of cardiovascular disease (CVD) morbidity and 
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doubling of the 10-year risk of CVD mortality. In the EPIC-Norfolk study, 11 the relationship between glycated haemoglobin (HbA 1c ) and CVD mortality was evident as a continuum of risk, beginning well before the glycaemic threshold for the diagnosis of diabetes is reached. These data indicate that macrovascular disease manifests during the pre-diabetic stage, which strengthens the rationale for early preventative interventions.
Halting the Epidemic of Diabetes

Lifestyle Intervention
Several randomised controlled studies have demonstrated the efficacy of lifestyle intervention in preventing progression from pre-diabetes to type 2 diabetes. [3] [4] [5] The lifestyle interventions applied in these studies generally women, mean age 55 years, mean BMI 31kg/m 2 ) were randomly assigned to either an intervention or a control group. Each subject in the intervention group received individualised lifestyle counselling aimed at inducing ~5% weight loss and increasing physical activity by ~210 minutes per week. The mean weight loss by the end of the second year was ~3.5kg in the intervention group and ~0.8kg in the control group. The cumulative incidence of diabetes after four years was 11% in the intervention group and 23% in the control group, a significant 58% reduction in diabetes incidence. The lifestyle intervention arm of the DPP enrolled 1,079 subjects with IGT (out of the 3,234 participants enrolled in the study) drawn from all ethnic and racial groups in the US population. 3 The goals for the participants assigned to the intensive lifestyle intervention were to achieve and maintain a weight reduction of at least 7% of initial bodyweight through modest caloric restriction (500-700 fewer calories per day) and to engage in physical activity of moderate intensity, such as brisk walking, for at least 150 minutes per week. After an average follow-up period of 2.8 years, the participants randomised to lifestyle intervention showed a 58% reduction in the incidence of diabetes compared with placebo. 3 The beneficial effect of lifestyle intervention was seen in all age, gender, racial and ethnic subgroups of the DPP participants. Furthermore, reversion to NGT occurred in ~30% of subjects in the lifestyle intervention arm compared with ~18% in the control arm. Thus, caloric restriction and increased physical activity not only prevented progression from IGT to diabetes, but were also effective in restoring NGT in a substantial proportion of subjects with initial IGT. 3 Table 2 summarises some intervention studies to halt the progression from pre-diabetes to type 2 diabetes. In the DPP, subjects with pre-diabetes assigned to metformin treatment experienced ~30% reduction in the rate of progression to diabetes. 3 Acarbose 13 and orlistat 14 have also been reported to significantly reduce progression to diabetes, but, like metformin, the efficacy of these medications was weaker than that of lifestyle intervention. In contrast, rosiglitazone has been reported to reduce progression by >60%, which approximates to the effect of lifestyle modification alone. 6 Preliminary data presented at the ADA Annual Scientific meeting in June 2008 indicate that another thiazolidinedione drug, pioglitazone, was highly effective in preventing progression to diabetes. In general, drug-mediated prevention of diabetes is plagued with risks from the adverse effects of the specific drugs, medication costs, the need for longterm medication and consequent adherence problems. Furthermore, current 
Drug Intervention
Current Issues
experience indicates that these medications may need to be administered indefinitely, as there is a high likelihood of glycaemic rebound following their cessation. 15 Based on these limitations, the prospects of a drug-based strategy for diabetes prevention in the general population seems quite uncertain. The occurrence of glycaemic rebound following withdrawal of medication 15 indicates that the drug interventions tested so far have not fundamentally altered the underlying pathobiology of pre-diabetes. The ideal drug for diabetes prevention should be well-tolerated, match or exceed the efficacy of lifestyle intervention, repair the pathophysiological defects that underlie pre-diabetes and return the patient to pristine glucose metabolism. Such a drug should exert a durable effect that outlasts the period of medication exposure. The latter property would allow the medication to be withdrawn after a defined period of intervention, without the risk of immediate or short-term relapse of pre-diabetes. Moreover, the cost of such a drug must not be prohibitive, given the large number (>57 million) of people with pre-diabetes who may be eligible for treatment.
Although no currently approved drug meets all of the stated criteria, it may be possible to design a drug or combination of agents that can meet most of the desired criteria. A compound that improves insulin sensitivity through induction of significant weight loss, while concomitantly improving beta-cell function through cellular augmentation or regeneration, could have a durable effect in reversing the natural history of pre-diabetes. The emerging drugs in the superfamily of incretins, incretin analogues and incretin mimetics offer some glimmer of hope, and need to be tested alone and in combination with other proven agents in future diabetes prevention studies.
Lifestyle Modification plus Medication
It is conceivable that at-risk persons who are suboptimally adherent to lifestyle modification may benefit from adjunctive medication. However, the additive effect of lifestyle intervention and medications in the population with pre-diabetes has not been well-studied. Carefully designed new clinical trials are needed to test the efficacy of combination interventions, using lifestyle and selected medications, on the outcome of pre-diabetes.
Primary Prevention of Cardiovascular Disease in Pre-diabetes
The DPP investigators assessed the effects of lifestyle intervention, metformin and placebo on CVD risk factors among IGT subjects. 16 Compared with the placebo and metformin arms, subjects assigned to lifestyle intervention showed decreased blood pressure, increased HDL cholesterol levels, lower triglycerides levels and a reduced need for antihypertensive and lipid-lowering medications during approximately three years of follow-up. Also, lifestyle intervention reduced the crude incidence of hypertension by 33% in the DPP lifestyle group. 16 In the DPP, the benefits of lifestyle change were observed universally across all age and BMI groups, whereas the effect of metformin was restricted to young obese persons. 3, 26 The reported epigenetic effects of lifestyle intervention on the expression of pro-inflammatory and glucoregulatory genes 27, 28 provide exciting novel insights into behavioural modulation of disease genes. Although several medications have been reported to reduce progression to diabetes, for the millions of people with pre-diabetes lifestyle modification is the compelling option because of its minimal toxicity and superb efficacy compared with medications. I
